Community responses to flood risk management – An empirical Investigation of the Marine Protected Areas (MPAs) in Malaysia by Masud, Muhammad Mehedi et al.
Contents lists available at ScienceDirect
Marine Policy
journal homepage: www.elsevier.com/locate/marpol
Community responses to flood risk management – An empirical
Investigation of the Marine Protected Areas (MPAs) in Malaysia
Muhammad Mehedi Masuda,⁎, Ahmad S. Sackorb, A.S.A. Ferdous Alamc,
Abul Quasem Al-Amind,e, Ahmad Bashawir Abdul Ghanif
a Department of Development Studies, Faculty of Economics and Administration, University of Malaya, 50603 Kuala Lumpur, Malaysia
b Centre for Poverty and Development Studies (CPDS), Faculty of Economics and Administration, University of Malaya, Kuala Lumpur, Malaysia
c School of International Studies, Universiti Utara Malaysia (UUM), 06010 Sintok, Kedah, Malaysia
d International Business School (IBS), Universiti Teknologi Malaysia (UTM), Jalan Semarak 54100 Kuala Lumpur, Malaysia
e Institute of Energy Policy and Research (IEPRe), Universiti Tenaga Nasional (UNITEN), Jalan Ikram Uniten, Malaysia
f School of International Studies, Universiti Utara Malaysia (UUM), 06010 Sintok, Kedah, Malaysia





Participation and marine protected areas
A B S T R A C T
The vulnerability of the Marine Protected Areas (MPAs) to flood disasters affects not only the underlying eco-
centric and anthropocentric values therein, but also the coastal communities that are adjacent to the MPAs. The
consequences can lead to economic, social and environmental degradation. As such, the perception of the coastal
communities about flood risk occurrences and their effects on the MPAs are crucial for Flood Risk Management
(FRM) exercises. Having an insight into the perceptions of the coastal communities about the build-up of flood
risk analysis adds robustness to the FRM cycle as it can increase levels of preparedness, responses and recoveries.
This paper examines the relationship between the communities’ perceived vulnerability, perceived severity of
flood risks, perceived benefits of flood risk management, perceived barriers of flood management and their
previous experience of flood risk management. The paper seeks to understand how this intersection influences
the human intention to participate in the preventive and precautionary measures related to flood risks in MPAs.
To achieve the objectives, a survey questionnaire was conducted on a sample of 320 households from MPAs in
Malaysia. Data were analysed using the structural equation modelling (SEM). This study revealed that perceived
susceptibility, perceived severity, perceived benefits, and previous flood risk experience have a positive and
significant influence on the intention to participate in prevention activities. This study offers valuable insights
that may be useful for policymakers in promoting greater public engagement in managing climatic disasters
including potential flood risks in MPAs.
1. Introduction
Marine Protected Areas (MPAs) are protected ocean areas which are
managed by the government where limits are imposed on certain
human activities. These areas permit recreational activities such as
boating, diving and fishing. Most marine parks include commercial
fishing areas sometimes referred to as open areas. They may also in-
clude closed areas which prohibit extractive activities such as fishing,
mining and drilling. Marine parks are very similar to local parks on
earth. The community uses them and often have facilities to encourage
their use. Likewise, marine parks face similar problems as land parks
such as overexploitation and pollution.
The objective of establishing MPAs is significant because it ensures
the protection of marine and aquatic species from environmental pol-
lution and the effects of climate change [1]. Under the Convention of
Biodiversity (CBD), the MPA is defined as: “any defined area within or
adjacent to the marine environment, together with its overlying waters and
associated flora, and fauna, historical and cultural features, which have
been reserved by legislation or other effective means, including custom, with
the effect that its marine and/or coastal biodiversity enjoys a higher level of
protection than its surroundings” [2].
MPAs are managed for security and biodiversity conservation along
with the support of sustainable marine resources upon which humans
depend [3,4]. One of the most coherent strategies to conserve and
protect vulnerable and threatened marine life is to establish marine
protected areas [5]. The MPAs are particularly important zones which
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have been sanctioned to protect marine and coastal resources. The
primary goals of MPAs are to maintain the biodiversity, to reduce the
degradation of coastal and marine habitats, to prevent the loss of
marine species and to sustain productivity including ecological systems
in the oceans, especially marine and coastal resources [6]. MPAs are
recognised as an important part of the environment which can con-
tribute towards the nation’s sustainable development [7].
Marine Protected Areas (MPA) refers to various concepts but is used
predominantly to refer to a variety of management strategies. Protected
areas are initiated to secure them from unwanted human activities. One
good example is the national park which is established and protected so
as to preserve its ecological, economic, cultural and recreational factors
[5]. These protection factors, however, may vary although they are
frequently related to real-estate developments that tend to extract the
natural resources by harvesting the ecology of the habitats [5]. Within
the areas linked to oceans, MPAs are secured, and human activities are
controlled and managed appropriately, primarily for upholding the
conservation objectives [5]. In order to preserve the living marine or-
ganisms, its related habitats, and the ecological systems and functions,
MPAs impose the regulation of “extraction” on pollution by potential
commercial uses includes waste disposals, fishery harvests and mineral
development [8]. Hyrenbach, Forney and Dayton [9] noted that MPAs
are commonly offered for the protection of marine life and coastal
systems, fishery resources, threatened habitats as well as to provide a
recreational place for the public.
In Malaysia, the Department of Marine Parks [10] defines MPAs as,
“Marine Park is a protected area of the sea that is zoned 2 nautical miles
measured from the low tide point. It is surrounded by islands that are ga-
zetted and zoned as coral reefs sanctuary” (p. 3). Currently, there are 53
MPAs in Malaysia [11] with each MPA established to protect the nat-
ural and marine resources and for improving the socioeconomic con-
ditions of the local communities [11,12]. Despite the efforts of the
governments, MPAs throughout the world are still significantly affected
by environmental degradations such as climate change and natural
disasters [13].
Likewise, comparable environmental issues challenge the MPAs in
Malaysia. Scientists believe that the problems occurring within MPAs
today are caused by climate change which is gradually aggravating sea
temperatures and where hydrodynamic events are being altered,
thereby causing ocean acidification that affects the marine ecosystem
[12]. The recent study by Masud and Kari [14] stated that floods, tro-
pical storms, sea level rise and haze had affected marine protected
areas. Malaysia also observed climatic disasters that are similar to other
countries like Indonesia, Sri Lanka and Thailand [15]. However, its
populations were mostly affected by climatic disasters particularly
those communities living on islands such as Penang and Langkawi [16].
To adapt to the current climatic disasters, it is necessary to involve local
communities. In this regard, the current study attempts to examine the
marine park communities’ risk perception of climatic disasters and its
adverse effects on the people participating in flood management ac-
tivities within MPAs in Malaysia.
2. Conceptual Framework
The government’s effort to conserve MPAs is vital for the sustain-
ability of fisheries and other habitats [17]. The presence of economic,
environmental and social devastation associated with flooding, parti-
cularly in MPAs, makes coastal communities more vulnerable to cala-
mities. Flood disasters have major ecological ramifications on the
MPAs. More than half of the fatalities that occurred during natural
disasters and a third of the economic losses witnessed today came from
flooding [18].
Effective disaster management responses are necessary and require
the incorporation of the ideal perception and understanding of coastal
communities living within MPAs. Modern conceptualisations of flood
risk management (FRM) embody the active engagement of citizens in
the appraisal of flood risks and other resilient management options
[19]. According to the Environmental Performance Index (EPI) report
for Malaysia, the conservation target for MPAs in Malaysia is set at 10%
of the State Territorial Waters for West Malaysia, which is under the
jurisdiction of each state [20]. In Malaysia, the MPAs stretch two
nautical miles from the shore at the lowest tide, except for Pulau Kapas
in Terengganu, Pulau Kuraman, Pulau Rusukan Besar and Pulau Rusukan
Kecil, in Labuan, which are zoned as one nautical mile from the shore at
the lowest [21].
Policymakers who are discussing potential flood risks and their
management debates consider the collective and participatory efforts of
stakeholders including citizens. Undoubtedly, the roles played by the
citizens are crucial for decision-making. Article 7 of the 1999 Aarhus
Convention, which deals with public participation and access to in-
formation on environmental activities, recognises the material need for
public participation in various environmental matters. Equally so, the
European Flood Directive 2007/60/EC has established a regime which
requires a broader public involvement in flood management cycles.
Risk management gaps could easily be tackled when information about
coastal communities’ perception and their behavioural assessment of
flood risks are incorporated into the decision-making process [22]. The
essence of community response and their traditional knowledge re-
garding necessary measures are extremely significant for any flood
adaptation or adjustment technique [23]. This helps to ensure that fu-
ture efforts of the community can be garnered when determining flood
risk factors and other anticipated social and economic implications
[24]. As such, some experts [25] have included citizen roles for flood
issues, and it seems that the imminent uncertainty of probable flood
occurrences and diverse associated effects are set to increase the effi-
cacy of flood risk decisions
In order to achieve the research objectives, a research model is
proposed based on the Health Belief Model (HBM) and the Theory of
Planned Behaviour (TPB) which are applied by many past behavioural
research such [25–27]. The model outlines the relationship between the
variables. To test the empirical relationship between the dependent and
independent variables, structural equation modelling (SEM) was em-
ployed. The present study attempts to examine the effect of perceived
vulnerability of flood, perceived severity of the flood, benefits of flood
management and barriers of flood management and previous experi-
ence of flood risk on the intention to participate in climatic disaster
prevention activities and participation in flood prevention activities.
The HBM has identified four psychological dimensions that are sup-
posed to influence the decision of a person to become engrossed in a
specific behaviour such as perceived susceptibility, perceived severity,
perceived benefits, and perceived barriers [28]. The TPB is a model that
has been extensively referred to predict intentions and usage, particu-
larly in the context of transportation-related research [29–31]. The
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Fig. 1. Proposed research model.
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combination of attitude, subjective norm, and perceived behavioural
control leads to the formation of a behavioural intention, which in turn,
results in the actual behaviour [32] (Fig. 1).
3. Methodology
The current study focusses on five MPAs located in Malaysia. The
MPAs were selected as they are an integral part of coastal areas are
were established to preserve marine and natural resources. They are
affected by natural disasters like floods. Many studies focused on flood
risk management in coastal areas while little focus was given to MPAs.
This study also targets the entire population of the MPAs residing
nearby. Samples for this study were drawn from the following MPAs:
Perhentian Kecil, Perhentian Besar, Tioman Island, Redang Island and
Tinggi Island (Fig. 2). Using stratified proportionate sampling techni-
ques and looking at the caring capacity of the study area, the samples
were clustered into five groups based on geographical location which
carry approximately 6917 residents and 1647 households. From each
cluster, a proportionate sampled household was collected randomly. To
draw a suitable sample size, the following formula was applied since the
total population was known.
= +n N Nd/ (1 )2 (1)
where n= sample size, N= number of households (total population)
and d2 =margin of error. A sample size of 321 was then calculated as
in accordance with the recommended guidelines. A total of 360 ques-
tionnaires were distributed to the households through face-to-face in-
teractions. Of these, 40 questionnaires were incomplete, resulting in a
return of only 320 questionnaires which were then used for the study
purposes. The response rate was 88.8%.
The questionnaire was deployed as the main research instrument for
data collection because it is able to capture more responses as opposed
to single interviews. The questionnaire was divided into two sections.
Section A consists of several items (see Table 3) and all items are
measured using 5-point Likert scales representing a range from (1)
strongly disagree to (5) strongly agree to assess the community’s per-
ception of flood risk management, intention to participate in flood
prevention activities, and to participate in flood prevention activities.
Section B focusses on the sociodemographic profiles of the respondents.
Data for the study were gathered between July and December of 2016.
The target respondents were also the head of households who reside
within the MPAs.
In this study, descriptive analysis was employed to determine the
frequency, percentage and ranking of the items. Structural Equation
Modelling (SEM) was also used to examine the relationship among the
perceived susceptibility, perceived severity, perceived benefits, and
perceived barriers as well as community intention to participate in
flood preventive activities and participation in flood preventive activ-
ities. The relationship between these factors was used to assess the
likely action plans to ‘participate’ in flood prevention activities and
‘intention (e.g., interest) to participate’ in prevention activities.
4. Results
4.1. Sociodemographic profile of the respondents
The risk perception module collected data based on the demo-
graphic information, education, gender, race, age, income and occu-
pation of the respondents. The demographic characteristics indicate
that more than half of the respondents (53.5%) were male while
Fig. 2. Map of the study area.
Source: [33]
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females made up 46.6%. The distribution of the respondents for this
category was between 18 and over 60 years of age. The largest number
of the respondents was 44.7% that comprised those between the age
group of 31 and 45 years. The second largest group of respondents was
42%, which comprised those between 18 and 30 years. 13.4% of the
respondents were between 46 and 60 years.
The respondents’ educational status was also noted with 3.1%
holding a university degree and 9.4% having a diploma, 32.1% having
had higher secondary education and 25.9% with lower secondary
education. 23.2% have primary education, and 6.2% have no formal
education (Table 1). According to the findings of this study, 43% of the
respondents earned a monthly average income of between USD 194.15
(RM 751) and USD 387.8 (RM 1500) while approximately 33.1% of the
respondents earned an average monthly income of between USD 114.01
(RM 441) and USD 194 (RM 750).
4.2. Flood response measures
In order to exhibit what could be seen as the most effective coping
mechanism for flood management within MPAs. The most of the re-
spondents (75%) suggest that disaster and evacuation management
measure is the most effective technique as shown in Table 2. The second
flood response technique as depicted in the table was the financial and
social support after the flood occurrence with 73%. The flood fore-
casting and warning system was 70% while the partnership between
municipalities stood at 70%. The next in line was catchment manage-
ment standing at 65%, flood awareness raising and education pro-
gramme standing at 62.8%, flood hazard mapping standing at 56%,
flood proofing and risk mapping standing at 51.5%, master plan study
standing at 56%, with public participation standing at 42%. The least
commonly cited measures were relocation standing at 18.7%, private
flood insurance standing at 28%, compliance with laws, acts and
guidelines standing at 37.5%.
4.3. Types of hazards in Malaysia
To identify the type of hazard that frequently occurs in Malaysia,
Table 3 presented several major hazards and asked respondents to se-
lect the appropriate hazard from Table 3. Their responses were ranked
according to the mean score. The first category refers to the increase of
solid wastes which has a mean value of 4.16, followed by floods (3.89)
and drop in water quality (4.80). The fourth is a landslide (3.45), fol-
lowed by climate change (3.23), environmental degradation (3.33),
thunderstorm (3.12), and tropical storm (3.10). Mudslides are ranked
ninth (2.8) trailed by a tsunami (2.33) and epidemics (2.25). The 12th
position is an economic crisis (2.12).
4.4. Confirmatory factor analysis
In this study, SEM was tested using the maximum likelihood (ML)
method. The overall model fitness was determined based on absolute,
incremental, and parsimonious indices of fit. The Chi-square is the best-
known index of absolute fit, but it is sensitive to sample size. Hence,
two indices were used to evaluate the overall absolute fit of the pro-
posed model, namely the Goodness of Fit Index (GFI) and the
Comparative Fit Index (CFI). To estimate the incremental fit, the
Adjusted Goodness of Fit Index (AGFI), the Incremental Fit Index (IFI),
and the Normed Fit Index (NFI) were used. Lastly, the Root Mean
Square Error of Approximation (RMSEA) was applied to evaluate the
parsimonious fitness of the measurement model. The results revealed
that the confirmatory factor analysis has very good fit indices as shown
in Table 4. Thus, it is accepted that the model fits the data. The other
indices were also higher than the suggested values. Overall, based on
the recommended values noted from the literature, the research model
has adapted the data well.
To estimate the measurement model, composite reliability and
construct validity were calculated (Table 5). Composite reliability re-
flects the internal consistency of a construct by indicating the extent to
Table 1
Respondent’s demographic information (N=320).





18–30 years 134 42
31–45 years 143 44.7







No formal education 20 6.2
Primary education 74 23.2
Lower secondary school 83 25.9
Higher secondary school 103 32.1
Diploma 30 9.4
University Degree 10 3.1
Income
RM0 up to RM 440 23 7.1
RM 441 up to RM 750 106 33.1
RM 751 up to RM 1500 140 43
RM 1501 up to RM 2000 20 6.2
RM 2001 up to RM 3000, 12 3.7
RM 3001 up to RM 5000 10 3.1
Above RM 5000 9 2.8
*USD 1=MYR 3.86.
Table 2
Flood mitigation measures (N=320).
Flood mitigation measures Frequency Percentage (%)
Disaster and evacuation management 240 75
Financial, social support after floods 234 73
Flood forecasting and warning system 225 70
Partnership between municipalities 225 70
Catchment management 210 65
Flood awareness raising, education program 201 62.8
Flood Hazard mapping 180 56
Master plan study 180 56
Flood proofing 168 52.5
Risk mapping 165 51.5
Public participation 135 42
Compliance with laws, acts and guidelines 120 37.5
Private flood insurance 90 28
Relocation 60 18.7
Table 3
Types of hazards happening in Malaysia.
Type of hazards Mean value Ranking of hazards
Increasing solid waste 4.16 1
Floods 3.89 2
Water quality dropped 4.80 3
Land slide 3.45 4
Climate change 3.23 5
Environmental degradation 3.33 6
Thunderstorm 3.12 7




Economic crisis 2.12 12
*Mean: 6-point scale: 1= no importance; 6= very high importance.
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which the observed variables indicate the same unobserved concept.
The construct reliability (CR) of the seven constructs exceeded the re-
commended level of 0.70 [38]. The average variance extracted (AVE),
which reflects the overall variance of the indicators represented by the
latent construct, ranged from 0.65 to 0.77, exceeding the recommended
level of 0.5 as suggested by Segars [39]. Construct validity refers to the
question of whether an observed variable measures the construct as the
researcher intends to measure it. It was evaluated based on factor
loadings, composite reliability, and average variance extraction (AVE).
Factor loadings of all items in this study exceeded the recommended
level of 0.6 [40]. In summary, the measurement model demonstrates
adequate reliability and validity.
4.5. The test of structural model
The findings derived from the SEM are important as the relationship
between the variables will provide decision makers with information
for formulating adequate and adaptive risk management to promote
greater awareness of risk management. The model used in this study
has an adequate fit: Chi-squared per degree of freedom (7.511/
4)= 1.877 (i.e., less than 3); CFI= 0.997 (i.e., greater than 0.90);
p= 0.11 (i.e., less than p≥ 0.005); and RMSEA=0.055 (i.e., less than
0.088). The R-squared for the two dependent (endogenous) variables
particularly in relation to the intention to participate in flood preven-
tion activities (0.71) and participation in flood prevention activities
(0.63) indicate that the exogenous factors can clarify a large variance in
the endogenous factors. All hypotheses in this study were supported by
the SEM analysis at p= <0.001 is significant, as shown in Table 6 and
Fig. 3.
The SEM analysis indicates that the four factors of perceived sus-
ceptibility, (β=0.263, p < 0.01), perceived severity, (β=0.261,
p < 0.01) and perceived benefits, (β=0.280, p < 0.01) and Previous
Flood Risk Experience (β=0.381, p < 0.01), have a positive and
significant influence on the intention to participate in flood prevention
activities. An indication that intention to participate in prevention ac-
tivities has a positive and significant influence on participation in
prevention activities (β=0.221, p < 0.01) was also observed. The
results also indicate that perceived susceptibility (β=0.201,
p < 0.01) and previous flood risk experience (β=0.231, p < 0.01)
have a direct and significant positive impact on participation in flood
Table 4
Proposed model fit indices.
Source: [34,35,36,37]
Observed value Threshold value
Absolute fit Index
Chi-square 2.91 < 3.00.
Comparative fit index (CFI) 0.92 > 0.90
Goodness of fit index (GFI) 0.95 > 0.90
Adjusted goodness of fit index (AGFI) 0.93 > 0.90
Incremental fit index (IFI) 0.92 > 0.90
Normed fit index (NFI) 0.90 > 0.90
Parsimonious fitness




Construct validity of confirmatory factor analysis.







Perceived susceptibility of flood 0.86 0.72
Flooding is a serious problem 0.76
Flood may increase price of essential
goods
0.80
Impacts on agricultural production 0.82
Flood destroys infrastructure and
property
0.65
Flood might Increase food insecurity 0.60
Perceived severity of flood 0.87 0.77
Flood pose a greater threat to health, 0.77
Flood pose greater threat to human life, 0.75
Flood pose greater threat to well-being 0.85
Perceived benefited of flood risk
management
0.85 0.72
Flood Risk Management will able to make
stable of essential goods
0.70
Flood risk management will make sure
secure well-being
0.78
Flood Risk Management will accelerate
sustainable development of MPAs
0.68
Perceived barriers of flood management 0.87 0.65
Lack of information 0.69
Lack of financial budget 0.63
Lack of Advance Technologies 0.68
Lack of enough skills and knowledge to
manage flood risk
0.61
Previous flood risk experience 0.84 0.71
Fresh water shortage 0.77
Not enough safe food 0.84
Loss of wetland 0.69
Loss of farming land 0.68
Energy shortage 0.61
Intention to participate in flood
prevention activities
0.81 0.66
I have intention to participate in flood
management
0.65
I want to join a voluntary disaster
prevention organization
0.67
I am interested to involve for flood
damage mitigation measures and
flood control works
0.68
Participate in flood prevention activities 0.83 0.70
I’ll do everything to prevent flood 0.74
I used to clean private drainage systems
and encourage others
0.66
Sometime I use to pick up garbage and
debris materials that may wash into




Hypothesized paths Coefficient (β) P-value (sig.) Remarks
H1 PERSUS → IPFPA 0.263 0.000 Supported
H2 PFRSER → IPFPA 0.261 0.000 Supported
H3 PERBNF→ IPFPA 0.280 0.070 Supported
H4 PERBER→ IPFPA 0.142 0.380 Supported
H5 PFRE→ PFPA 0.381 0.000 Supported
H6 PERSUS → PFPA 0.201 0.000 Supported
H7 PFRE→ PFPA 0.231 0.000 Supported
H8 IPFPA → PFPA 0.221 0.000 Supported
Fig. 3. The structural equation model of flood prevention behaviour. Legend=
PERSUS= perceived susceptibility of Flood, PERSEV= perceived severity of
the flood, PERBNF= perceived benefits of flood management, PERBER=
perceived benefits of flood management, PFRE= Previous experience of flood
risk and IPFPA= intention to participate in flood prevention activities, PFPA=
participation in flood prevention activities.
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prevention activities, resulting in a partial mediating effect between the
perceived susceptibility, previous flood risk experience and participa-
tion in flood prevention activities. The results also revealed that per-
ceived barriers (β=0.142, p < 0.01) do not have a significant influ-
ence on the intention to participate in flood prevention activities.
5. Discussion
This study analysed the marine park community’s perception of
flood risk management in Malaysia. It also discussed the participatory
role of local communities that can shape the institutional characteristics
of flood-prone management pertinent to MPAs. Last but not least, we
examined the relationship between five independent variables namely
perceived susceptibility of Flood (PERSUS), perceived severity of flood
(PERSEV), perceived benefits of flood management (PERBNF), per-
ceived benefits of flood management (PERBER), Previous experience of
flood risk (PFRE), and two dependent variables namely intention to
participate in flood prevention activities (IPFPA) and participation in
flood prevention activities (PFPA).
5.1. Mitigating strategies for flood risk management
The findings of this study indicate several mitigation strategies
taken for flood risk management such as disaster and evacuation
management, post-flood financial and social support, updating flood
forecasting and warning system, raising awareness of flood risk man-
agement through educational programmes and active participation to
prevent flood risk management. Due to rising sea levels, MPAs are af-
fected by floods, which threaten the many animals, plants, habitats
ecosystem services they support and upon which marine park com-
munities depend [41]. These habitats are also expected to be confronted
by increasingly intense coastal storms that can cause impacts such as
sedimentation of seagrass beds, destruction of coastal dunes, breaches
in barrier islands and bank erosion [42]. These changes are likely to
have adverse effects on the ecological functions of these sensitive areas,
such as breeding habitat, nursery areas and foraging habitat [43].
Hundreds of endangered species can be affected, from seabirds to
nesting sea turtles, to growing up and living on the coast. Coastal ha-
bitats also provide critical buffer zones to urban areas, helping to pro-
tect them from storm surges and floods [44].
According to Somaila, [4] and [45] marine park communities have
a poor socioeconomic status due to their lack of adequate economic
resources. They are more vulnerable to natural disasters and extreme
weather events because they live in hazardous locations such as MPAs
[46]. Therefore, flood risk management plays a significant role in the
poor communities [47,48]. Moreover, because these communities lack
the resources to minimise the disaster impact on their dwellings or
neighbourhoods, they lack the ability to prepare for post-disaster re-
coveries [49,50]. Edwards [51] showed that such communities were
more likely to experience stress, anxiety, isolation, disruption, dis-
placement, depression, and feelings of powerlessness when calamities
occur. A large and increasing proportion of Malaysia’s population lives
close to the coast. Thus the loss of services such as flood control and
waste detoxification can have disastrous consequences [52].
5.2. Environmental degradation within MPAs
The findings also revealed that Malaysian MPAs are currently facing
several other hazardous threats such as increased solid wastes, in-
creased frequency of floods, drop in water quality, increased occur-
rences of landslides and climate change. It seems that islands in
Malaysia are producing about 400 metric tonnes of waste daily with
almost 60% of the waste being disposed of in non-sterile landfills [53].
The remaining 35% is unlawfully blazed/dumped while 5% is dumped
into the sea. Expanding patterns in waste generation were also seen in
the islands [53] and steps are being taken to reduce waste. For example,
researchers at the University of Malaysia Sabah have advised that en-
vironmental change is exacerbating the major issues that are experi-
enced by the marine environment [12]. It appears that MPAs in Ma-
laysia are being challenged by several other environmental issues such
as the rapid increase in solid waste generation [54] due to the huge
amounts of waste generated by visitors. Khairunnisa et al. [53] found
that MPAs are having poor water quality due to poor sewage, garbage
disposal and treatment, detergents or sun blocks, oil residues left by
tourist boats, the bleaching of coral reefs, tropical storms, floods, pro-
longed droughts, high tides, and the outbreak of disease due to climate
change. Aside from the global threats of climate change and natural
disasters (floods), the marine resources face threats from within borders
such as over fishing, coastal developments resulting in increased sedi-
mentation and eutrophication, agricultural run-off from pesticides and
fertilisers [55]. Increasing coastal flooding events are linked to sea level
rise but were probably accelerated by historical losses of floodplains
and erosion control provided by coastal wetlands, reefs, and submerged
vegetation [52]. In order to keep freshwater for MPAs required pro-
viding flood control [56].
5.3. Community’s perception and prevention activities of flood management
Finally, in order to see the relationship between the local commu-
nities’ perception and its impact on their intention and participation in
flood management prevention activities, a research model based on the
HBM and TPB framework was proposed. From the model and the
questionnaire, the findings revealed that perceived susceptibility, per-
ceived severity, perceived benefits and previous flood risk experience
have a significant influence on the communities’ intention to partici-
pate in flood risk management. This indicates that if an individual can
perceive the risk of flood disasters and the severity of the problems
faced, it may lead to greater attitudinal change. These findings are
consistent with the findings noted by Bayard and Jolly [25].
The previous experience of flood risk management is crucial.
Ruwanpura [47] has pointed out that the coping mechanisms need to
be understood in relation to the complex vulnerabilities of particular
people and particular households. Nonetheless, a new complicating
factor is that global climate change is changing the frequency and in-
tensity of natural disasters, thus rendering past coping mechanisms to
be less effective. This study confirmed that local knowledge is im-
portant for the development and implementation of coping mechanisms
yet changes in the frequency and intensity of flooding occurrences
mean that local knowledge needs to be enhanced by expert knowledge
on the changing disaster vulnerabilities. Once people are sufficiently
aware of flood risk management, they would be motivated to develop a
positive intention to participate in the prevention activities and even-
tually. This would lead them to participate in the flood prevention
activities [57]. Frequent floods in MPAs put marine ecosystems and
coastal communities at risk by challenging their lives and livelihoods
[58]. Jones et al. [58] suggested measures to minimise probable da-
mages such as the development of early warning systems for floods,
insurance against extreme weather events and provide training and
education to enhance people’s overall resilience to a range of climate
impacts. They suggested that ecosystems deliver services that can help
meet adaptation needs across multiple human development sectors,
including disaster risk reduction through flood regulation and storm-
surge protection [59]. Pomeroy et al. [60] suggested several coping
strategies for coastal communities such as education and capacity de-
velopment, rehabilitation plan, long-term sustainability plan and
adaptive learning through monitoring and evaluation. Similar mea-
surements could be applied in MPAs because they are important zones
to protect marine and coastal resources.
6. Conclusion and policy implementation
Malaysia’s continual devastating flood experiences have
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underpinned the prominent institutional re-assessment of its flood-re-
lated policies. An increase in flood occurrences poses a significant en-
vironmental and social threat to coastal communities and countless
ecological habitats in the local MPAs. The coordination on how the
management and sustainable conservation policy for monitoring and
reducing the hostile effects of anthropogenic exercises on the marine
habitats is of paramount importance. In this study, the applied research
model is premised on the analytical spectrums of Health Belief Model
(HBM) and the Theory of Planned Behaviour (TPB). The interface be-
tween the two theories implies that having a perception of flood risk is
likely to influence the behavioural aspect of human beings into taking
concrete flood mitigation measures. As such, incorporating the local
community’s perception of the flood risk decision-making would en-
hance the flood risk management system of endangered MPAs, thereby
improving the post-flood economic gears. This study advocates that the
Malaysian government need to intensify its level of engagement with
coastal communities so as to ensure that their perceptions and tradi-
tional knowledge of flood mitigation strategies are embraced in flood-
related decision makings. In that regard, the study concludes that fi-
nancial and technical support should be directed towards coastal
communities that are adjacent to MPAs so as to enhance their level of
coping and resilience vis-à-vis flood risks. This study recommends that a
flood defence system (FDS) be made an integral component of the
whole flood mitigation measures. Culverts, for instance, should be
constructed along the way to ensure that excessive waters can accu-
rately flow through them without posing any threat of over flooding.
Likewise, proper embankments are needed along river banks to prevent
rivers from bursting their banks.
Some of the underlying facilities that are needed during floods, as
suggested by this study, include, inter alia, shelters, clinics, water tubes
and public latrines. Local authorities should construct multipurpose
buildings two metres above the ground level, and these should be fully
equipped with power for the flood victims to take shelter, in the event
of floods. In addition, a public tube should be built on a raised platform
to reduce contamination of safe drinking water while health centres
should be constructed to remain accessible to people for treatments
during floods. Finally, public latrines must be provided for the people
and these must be built on a higher elevated location in order to help
reduce the spread of contagious diseases.
On the technical side, this study suggests the need for a Pre-Flood
Preoperational Exercise (PFPE) which includes developing an early
warning system that would adequately enable residents to evacuate
prior to flooding. The authorities should also collaborate with non-
governmental organisations in holding exercises among the residents of
coastal communities on a regular basis. The capacity to build and de-
velop practical trainings among communities is another alternative
while awareness campaigns on natural disasters should also be im-
plemented. It is also important that school curriculums and schedules
include lessons on disaster management and drills in disaster preven-
tion and response. The authorities should collect data based on flood
vulnerabilities so as to ensure that the management system is ade-
quately improved. As for the post-flood recovery exercise, this study
recommends that the local government design a programme where
residents would be given employment opportunities and/or financial
assistance to restart their lives and economic activities.
Acknowledgement
This work is supported by project LRGS project by the Ministry of
Education (MOE) Malaysia: PY/2014/03530 R.K130000.7863.4L820,
of ‘Zero Emission Fuel Cell Vehicle Powered by Hydrogen Energy:
Economic, Social and Environmental Impact of Introduction of Fuel Cell
Vehicles’ at International Business School (IBS), Universiti Teknologi
Malaysia (UTM), Malaysia and UNITEN BOLD grants (PROJECT CODE:
10289176/B/9/2017/18) at Institute of Energy Policy and Research
(IEPRe), Universiti Tenaga Nasional (UNITEN), Malaysia. The authors
would like to thank Ministry of Higher Education (MOHE) Malaysia for
the financial support.
References
[1] R.A. Kenchington, T.J. Ward, E.J. Hegerl, The benefits of marine protected areas.
Department of the Environment and Heritage, 2003.
[2] Convention on Biological Diversity (CBD), 1992. Retrieved from 〈https://www.cbd.
int/〉.
[3] P. Christie, A.T. White, Best practices for improved governance of coral reef marine
protected areas, Coral Reefs 26 (4) (2007) 1047–1056.
[4] C. Chen, D. Lopez-Carr, The importance of place: unravelling the vulnerability of
fisherman livelihoods to the impact of marine protected areas, Appl. Geogr. (2015).
[5] U.R. Sumaila, Marine protected area performance in a model of the fishery, Nat.
Resour. Model. 15 (4) (2002) 439–451.
[6] E. McLeod, R. Salm, A. Green, J. Almany, Designing marine protected area networks
to address the impacts of climate change, Front. Ecol. Environ. 7 (7) (2008)
362–370.
[7] D.L. Gray, R.R. Canessa, R.B. Rollins, P. Dearden, C.P. Keller, Understanding re-
creational boater attitudes to zoning in a proposed marine protected area, Coast.
Manag. 38 (6) (2010) 575–597.
[8] A. Roque, A social survey of demography and attitudes of residents regarding the
marine protected area in Puerto Morelos, Mexico, 2011.
[9] K.D. Hyrenbach, K.A. Forney, P.K. Dayton, Marine protected areas and ocean basin
management, Aquat. Conserv. Mar. Freshw. Ecosyst. 10 (6) (2000) 437–458.
[10] Department of Marine Park, Malaysia, 2015. Retrived from 〈http://www.dmpm.
nre.gov.my/〉. (Accessed 13 October 2015).
[11] Department of Fisheries, Malaysia, 2014. Retrived from 〈http://www.dof.gov.my/
〉. (Accessed 26 July 2012).
[12] C.N. Weng, Ecotourism and environmental conservation in small islands in the East
Coast of Peninsular Malaysia, Malays. J. Environ. Manag. 10 (2) (2009) 53–69.
[13] C. Lewsey, G. Cid, E. Kruse, Assessing climate change impacts on coastal infra-
structure in the Eastern Caribbean, Mar. Policy 28 (5) (2004) 393–409.
[14] M.M. Masud, F.B. Kari, Community attitudes towards environmental conservation
behaviour: an empirical investigation within MPAs, Malaysia, Mar. Policy 52
(2015) 138–144.
[15] IFRC, Heatwaves, the developed world’s hidden disaster. World Disasters Report
2004. IFRC, Geneva, 2004.
[16] R.K. Zahari, R.N.R. Ariffin, M.Z. Asmawi, A.N. Ibrahim, Impacts of the 2004 tsu-
nami: preparedness of the Malaysian Coastal Communities, Procedia-Soc. Behav.
Sci. 105 (2013) 569–576.
[17] A.S.A. Alam, M.I.H. Reza, H. Begum, A.C. Er, J.J. Pereira, Promoting community for
disaster risk reduction, Adv. Sci. Lett. 21 (6) (2015) 1700–1703.
[18] L.H. Geaves, E.C. Penning-Rowsell, Flood risk management as a public or private
good and the implications for stakeholder engagement, Environ. Sci. Policy 55
(2016) 281–291.
[19] U. When, M. Rusca, J. Evers, V. Lanfranchi, Environ. Sci. Policy 48 (2015) 225–236.
[20] National Policy on Biological Diversity, 2015–2020. Retrieved from 〈http://www.
nre.gov.my/ms-my/Documents/PengumumanNRE/NPBD%202015_2020.pdf〉.
[21] M.N. Basiron, C.R. Kaur, Effectiveness of marine parks as a fisheries management
tool: status and issues. In: Proceedings of the 5th National Fisheries Symposium
2008, 2009.
[22] C.P. Tseng, E.C. Penning-Rowsell, Micro-political and related barriers to stake-
holder engagement in flood risk management, Geogr. J. 178 (3) (2012) 253–269.
[23] Y.J. Kwak, Nationwide flood monitoring for disaster risk reduction using multiple
satellite data, ISPRS Int. J. Geo-Inf. 6 (7) (2017) 203.
[24] L. McFadden, E. Penning-Rowsell, S. Tapsell, Strategic coastal flood-risk manage-
ment in practice: actors' perspectives on the integration of flood risk management in
London and the Thames Estuary, Ocean Coast. Manag. 52 (12) (2009) 636–645.
[25] P. Sayers, C.L. Walsh, R.J. Dawson, Climate impacts on flood and coastal erosion
infrastructure, Infrastruct. Asset Manag. 2 (2) (2015) 69–83.
[26] B. Bayard, C. Jolly, Environmental behavior structure and socio-economic condi-
tions of hillside farmers: a multiple-group structural equation modeling approach,
Ecol. Econ. 62 (3) (2007) 433–440.
[27] A.Q. Al-Amin, A.F. Ambrose, M.M. Masud, M.N. Azam, People purchase intention
towards hydrogen fuel cell vehicles: an experiential enquiry in Malaysia, Int. J.
Hydrog. Energy 41 (4) (2016) 2117–2127.
[28] S.A. Taylor, The addition of anticipated regret to attitudinally based, goal‐directed
models of information search behaviours under conditions of uncertainty and risk,
Br. J. Soc. Psychol. 46 (4) (2007) 739–768.
[29] K.J. Simon, A. Das, An application of the health belief model toward educational
diagnosis for VD education, Health Educ. Q. 11 (4) (1984) 403–418.
[30] M.K. Lai, B.A. Aritejo, Personal and social factors affecting adolescent motorcycle
riders' intention to customize their vehicles: evidence from Indonesia, Transp. Res.
Part F: Traffic Psychol. Behav. 20 (2013) 6–16.
[31] K. Alzahrani, Perspectives on hybrid electric vehicles in the kingdom of Saudi
Arabia, 2016.
[32] S. Bamberg, I. Ajzen, P. Schmidt, Choice of travel mode in the theory of planned
behavior: the roles of past behavior, habit, and reasoned action, Basic Appl. Soc.
Psychol. 25 (2003) 175–187.
[33] I. Ajzen, The theory of planned behavior, Organ. Behav. Hum. Decis. Process. 50 (2)
(1991) 179–211.
[34] Map of the study arearetrived from 〈http://www.malaysiahotels.cc/island04.
html〉.
M.M. Masud et al. Marine Policy 97 (2018) 119–126
125
[35] B.M. Byrne, Structural Equation Modeling With AMOS: Basic Concepts,
Applications, and Programming, Routledge, 2013.
[36] K. Chinna. Structural equation modeling using AMOS. Paper presented at lecture for
AMOS workshop, 19–20 January 2009, University Technology MARA, Shah Alam,
Malaysia.
[37] J.F. Hair, W.C. Black, J.B. Babin, R.E. Anderson, Multivaariate Data Analysis, 7th
ed., Prentic Hall, Upper saddle River, NJ, 2010.
[38] R.B. Kline, Principles and Practice of Structural Equation Modeling, Guilford
Publications, 2015.
[39] A.H. Segars, Assessing the unidimensionality of measurement: a paradigm and il-
lustration within the context of information systems research, Omega 25 (1) (1997)
107–121.
[40] W.W. Chin, A. Gopal, W.D. Salisbury, Advancing the theory of adaptive structura-
tion: the development of a scale to measure faithfulness of appropriation, Inf. Syst.
Res. 8 (4) (1997) 342–367.
[41] I.A. Mendelssohn, M.R. Byrnes, R.T. Kneib, B.A. Vittor, Coastal habitats of the Gulf
of Mexico, in: C.H. Ward (Ed.), Habitats and Biota of the Gulf of Mexico: Before the
Deepwater Horizon Oil Spill, Springer, New York, NY, 2017, pp. 359–640.
[42] J.M. Sigren, J. Figlus, A.R. Armitage, Coastal sand dunes and dune vegetation: re-
storation, erosion, and storm protection, Shore Beach 82 (4) (2014) 5–12.
[43] R.J. Nicholls, A. Cazenave, Sea-level rise and its impact on coastal zones, Science
328 (5985) (2010) 1517–1520.
[44] C. Buyck, N. Dudley, N. Furuta, Protected areas as tools for disaster risk reduction: a
handbook for practioners. Japan Ministry of Environment/IUCN, Gland, 2015.
[45] M.M. Masud, A.Q. Al-Amin, H. Junsheng, F. Ahmed, S.R. Yahaya, R. Akhtar,
H. Banna, Climate change issue and theory of planned behaviour: relationship by
empirical evidence, J. Clean. Prod. 113 (2016) 613–623.
[46] E. Tompkins, W.N. Adger, Does adaptive management of natural resources enhance
resilience to climate change? Ecol. Soc. 9 (2004) 2.
[47] F. Berkes, Can cross-scale linkages increase the resilience of social-ecological sys-
tems? In: Proceedings of the RCSD International Conference, Politics of the
Commons, Chiang Mai, July 2003.
[48] K.N. Ruwanpura, Putting houses in place: 1-rebuilding communities in post‐tsunami
Sri Lanka, Disasters 33 (3) (2009) 436–456.
[49] T.J. Doherty, S. Clayton, The psychological impacts of global climate change, Am.
Psychol. 66 (4) (2011) 265–276.
[50] H. Kim, M.C. Borges, J. Chon, Impacts of environmental values on tourism moti-
vation: the case of FICA, Brazil, Tour. Manag. 27 (5) (2006) 957–967.
[51] F.L. Edwards, Effective disaster response in cross border events, J. Conting. Crisis
Manag. 17 (4) (2009) 255–265.
[52] B. Worm, E.B. Barbier, N. Beaumont, J.E. Duffy, C. Folke, B.S. Halpern, E. Sala,
Impacts of biodiversity loss on ocean ecosystem services, Science 314 (5800) (2006)
787–790.
[53] A.K. Khairunnisa, S.H. Fauziah, P. Agamuthu, Marine debris composition and
abundance: a case study of selected beaches in Port Dickson, Malaysia, Aquat.
Ecosyst. Health Manag. 15 (3) (2012) 279–286.
[54] A. Harborne, D. Fenner, A. Barnes, M. Beger, S. Harding, T. Roxburgh, Status report
on the coral reefs of the east coast of Peninsula Malaysia. Report Prepared to
Department of Fisheries Malaysia, Kuala Lumpur, Malaysia, 2000.
[55] L. Cho, Marine protected areas: a tool for integrated coastal management in Belize,
Ocean Coast. Manag. 48 (11–12) (2005) 932–947.
[56] D.L. Saunders, J.J. Meeuwig, A.C.J. Vincent, Freshwater protected areas: strategies
for conservation, Conserv. Biol. 16 (1) (2002) 30–41.
[57] A. Bosschaart, J. van der Schee, W. Kuiper, Designing a flood-risk education pro-
gram in the Netherlands, J. Environ. Educ. 47 (4) (2016) 271–286.
[58] H.P. Jones, D.G. Hole, E.S. Zavaleta, Harnessing nature to help people adapt to
climate change, Nat. Clim. Change 2 (7) (2012) 504.
[59] N. Dudley, C. Buyck, N. Furuta, C. Pedrot, F.G. Renaud, K. Sudmeier-Rieux,
Protected Areas as Tool for Disaster Risk Reduction. A Handbook for Practitioners,
2015.
[60] R.S. Pomeroy, B.D. Ratner, S.J. Hall, J. Pimoljinda, V. Vivekanandan, Coping with
disaster: rehabilitating coastal livelihoods and communities, Mar. Policy 30 (6)
(2006) 786–793.
M.M. Masud et al. Marine Policy 97 (2018) 119–126
126
